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Introduction

Wth the successful conpletion of the Experinental
Utraviolet Index programinitiated June 28, 1994, the Nati onal
Weat her Service (NW5) in collaboration with the Environnental
Protection Agency (EPA) began issuing the UtraViolet (UV) |ndex
forecast as of April 3, 1995. The WV Index (UVI) is a nmechanism
by which the Anerican public is forewarned of tonmorrow s noontine
intensity of UV radiation at |locations within the U S. The EPA' s
role in this effort is to alert the public of the dangerous
health effects of overexposure to, and the accunul ative effects
of, UV radiation, as well as to provide ground |evel nonitoring
data for use in ongoing verification of the UVI. The National
Weat her Service cal cul ates the UVI using existing atnospheric
nmeasurenents, forecasts, and an advanced radi ative transfer
nodel. This paper will discuss the justification for a
forecasted index, the nature of UV radiation, the nethodol ogy of
producing the UVI, results fromverifying the UV, how the UVI is
di ssem nated, and how to use the UVI information.

The Problem

Since Wrld War Il changes in the public's |lifestyle have
resulted in an increase in exposure (and overexposure) to W
radi ati on over a period of years to decades. This has
contributed to an increase in the nunber of diagnoses of nel anoma
(i.e. skin cancer) and the nunber of cataract diagnoses has risen



nmel anoma skin cancers. This nunber of 9,200 deaths translates to
greater than one death per hour in the U S. Cataracts have been
determ ned to cause 53% of the blindness cases worldw de. In
addi tion, studies by DeFabo and Noonan, (1983) show t hat
overexposure to the sun can suppress of the i mune system In
response to these health rel ated concerns, several countries have
initiated public outreach canpaigns to informthe public of the
dangers of overexposure to the sun. These canpai gns expl ain that
sinpl e remedi al steps can be taken to greatly reduce the risk of
overexposure, and are reinforced by the daily issuance of an

i ndex which infornms the public of the potential intensity of the
sun's UV radiation

Brief History

Queensl and, Australia started the first education canpai gns
on prevention of skin cancer and the hazards of overexposure to
W radiation. In the md 1980's, the Australian Radiation
Laborat ory began nonitoring UV radiati on and broadcasting the
day's UV dosage in m ninum erythemal dosage units (MEDs) for al
the states' capital cities during the evening news. Also, in
1987 New Zeal and initiated public awareness canpaigns along with
t he i ssuance of "burn tinme" reports broadcasted hourly on the
radio. In 1992 the Atnospheric and Environnent Service (AES) of
Canada began issuing their own W Index (WIson, 1993), a next
day forecast of UV exposure on a scale of 0 - 10 (where 10 is the
hi ghest value likely in southern Canada). All three countries
have had very good success in getting the nessage to the public
about the dangers of being in the sun too I ong and t he possible
consequences to the skin, eyes and inmune system over a prol onged
period of tinme (Decinma Research, 1993, H Il et al., 1993, Col mar
Brunt on Research, 1992).

In 1993 the Environnental Protection Agency (EPA) approached
t he National Weather Service (NW5) to devel op and generate an



nunber of treatments for skin cancer and cataract surgery could

| ead to savings in the billions of dollars in health care.

Prevent Blindness America, a group advocating preventative
measures, cites fromexisting data up to 1993 that there are
about 1.35 mllion cataract surgeries performed annually in the
U.S. This costs the taxpayers $3.4 billion in Medicare costs.

It is unknown what fraction of these cataract cases are directly
attributable to overexposure to UV radiation, but the enphasis is
that there is a great potential for reducing costs by very sinple
neasures |i ke wearing broad rimred hats and protective

sungl asses.

On June 28, 1994 the National Weather Service initiated this
program on an experinental basis for a limted nunber of sites.
The Experinental UV Index consisted of a forecast of the next
day's noon hour's UV intensity with adjustnents for clouds and
el evation. This forecast was nade available for 58 cities within
the contiguous U S., Alaska, Hawaii, and Puerto Rico. The tine
followi ng the [aunch of this product was used to test for any
difficulties in the dissem nation of the UVI, to conduct studies
to see if the centrally produced forecast could be inproved upon
at the local level , to gain experience with respect to public
perception of the UVI, and nost inportantly to check the validity
of the forecasts. Wth the successful conpletion of this
experimental phase, authority was given to expand the scope of
the UVI and nake it a fully operational product. It should be
noted that UVI forecasts for Hawaii and Puerto Rico do not
i ncl ude any cloud attenuati on due to the absence of MOS cl oud
probabilities for these | ocations.

Nature of UV Radiation

WV radiation can be divided into three parts of the sun's
radi ati on spectrum UV-C is characterized by wavel engths | ess
than 280 nm Al though highly dangerous to plants and ani mal s



cataracts and suppression of the inmune systemin the long term
The wavel engt hs of UV-A range between 320 and 400 nm (Ozone
absorbs very little of this part of the UV spectrum UV-A

radi ation is needed by humans for the synthesis of vitam n-D;
however, too much UV-A causes phot oagi ng (tougheni ng of the
skin), suppression of the inmmune systemand to a | esser degree
reddeni ng of the skin and cataract formation.

The intensity of UV radiation reaching the surface under
cl ear sky conditions is dependent upon the angle of incidence of
the sun's rays to the earth's surface, the closeness of the sun
to the Earth, and the anobunt of ozone in the atnosphere. This
nmeans that UV radiation increases fromthe polar regions, were
the sun is very lowin the sky, to the tropics where it lies
overhead. Seasonally and daily, as the sun's elevation in the
sky changes, so does the anpbunt of UV radiation. Figure 1 shows
how the UV radiation levels are minimal in the early norning and
| ate evening and are greatest at m d-day, when the sun is highest
in the sky. The NW5 forcasts the UVI for the tine of day when
the sun is highest in the sky. However, the presence of clouds
or other absorbing/scattering nedia nay attenuate the anmount of
UV radi ati on reaching the surface.

Operational Procedure

The WV radiation at the surface is derived using a radiative
transfer nodel (Frederick and Lubin, 1988). This nodel requires
a fewinputs to conpute a "clear sky" (no clouds) determ nation
of the irradi ances throughout the UV spectrum These inputs
include: the total colum ozone above the |ocation of interest,
the location's latitude, the day of year and the tinme of the
sol ar day. The nodel uses the latter three inputs to determ ne
the sun-earth di stance, hence the anmobunt of solar radiation
reaching the top of the atnosphere, and the solar zenith angle.
The sol ar zenith angle determ nes both the angle of incidence of
the UV radiation at the earth's surface, and the distance the W
radi ati on travels through the atnosphere. As the path length
becones greater so does the absorption and scattering of UV



of day, and the amount and thickness of clouds overhead. O her
factors that either enhance or attenuate the W/ intensity are

el evation, surface al bedo, tropospheric pollution and haze. W
radi ati on does increase with increasing altitude. It also can be
reflected by water, sand, concrete and snow by significant
anounts (Bl unthal er and Anbach, 1988, Coul son and Reynol ds, 1971,
and Kondratyev, 1969).

The NWS obt ai ns ozone anobunts from polar orbiting satellites
and determ nes cloud amounts fromits nunerical nodels. A site's
el evation is | ooked up froma gridded elevation field knowing its
| atitude and longitude. Currently, the UVI holds the surface W/
al bedo constant at 5% and uses an optical depth of 0.2. The
effects and the forecast of tropospheric pollution and haze on W
radiation still require nore research and are not included in the
current UVI.

Sources of Ozone Data

Ozone information needed to determne the UV radiation at
the surface is available to the NW5 from several sources. Two
i nstruments on board a nunber of different satellites currently
detect total columm ozone. The Sol ar Backscattering U traViol et
Ozone Sensor/2 (SBUV/2) instrunment obtains a vertical profile of
ozone within a nadir viewed footprint. This instrunent resides
on board the currently operating NOAA-14 satellite as well as the
previ ously operati ng NOAA-11 and NOAA-9 satellites. Full gl obal
coverage of the sunlit portion of the earth is achieved from each
as the satellite orbits the earth 14 tinmes per day. The data
fromthis instrument is processed in a routine node at NOAA
Because of the small geographical coverage of the nadir viewed
total columm ozone data footprints, a Cressman-adjustnment schene
is used to incorporate the observed data into an existing gridded
anal ysis of the hem spheric ozone data (Nagatani et al., 1977).
A second instrunent, the TIROS Operational Vertical Sounder
(TOVS), provides another source of total colum ozone. This
instrunment is also on board previous NOAA satellites as well as
the current NOAA-14 satellite. The TOVS instrunent provides
hori zontally resolved data and is also avail able as an



SBUV/ 2 dat a becones unavai l abl e.

Forecasting the Ozone Field

The routinely processed total colunmm ozone data obtained
fromthe SBUV/ 2 instrument exist as two hem spheric 65x65 pol ar
grids. The WVI processor translates these fields toa 1'x 17 or
181x360 point equal latitude/longitude grid. This is done to

ensure equal weighting of all latitudes. This ozone field is for
"yesterday", and a forecast of "tonorrow s" ozone field nust be
made in order to create a forecast of "tonorrow s" UV levels. It

has been shown that the total columm ozone field correlates
positively with the 50 hPa tenperature field (Ts,) (eg. MIller et
al., 1979) and, to a | esser degree, negatively with the 100 and
500 hPa geopotential height fields (Z,, and Zg,, respectively).
We assune that the relationship of changes in the ozone field to
changes in the height and tenperature fields from"two days ago"
to "yesterday" will be applicable to determ ne the changes of the
ozone field from"yesterday"” to "tonorrow'. Two sets of

di fferences are needed to carry out this procedure. The first
set is made up of the differences between "yesterday" and "two
days ago". These are conputed for the ozone, tenperature and
height fields. A separate regression for the Northern and

Sout hern Hem sphere between the ozone differences and the height,
and tenperature differences is conputed. This is done to
preserve the seasonal differences between the two hem spheres.
The second set of differences is determ ned fromthe MRF' s
forecast fields for "tonorrow' and the analysis fields from

"yesterday". Using the regression coefficients and the second
set of differences we "predict" the ozone difference field
bet ween "yesterday"” and "tonorrow'. Equation 1 summarizes the

above narrative, where:
AQ;, is the predicted change in total colum ozone from
"yesterday" to "tonorrow',
N0 and AZg,, are the changes in geopotential height at 100
and 500 hPa from "yesterday"” to "tonorrow', respectively,
NTsy 1S the changes in tenperature at 50 hPa from
"yesterday" to "tonorrow',
a, b and c are regression coefficients and d is the
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where 50,/ 03X is the change in ozone with respect to the heights
and tenperature fields for "two days ago" to "yesterday". The
"predicted" ozone differences are added to "yesterday's" ozone
field producing a "predicted"” ozone field for "tonorrow' as shown
in Equation 3. This procedure, including the generation of new
regression coefficients, is perforned each day.

O,(tomorrow) = Oj(vesterday) + AO; (3)

The above approach, as opposed to a direct ozone -to-

nmet eor ol ogi cal paraneter regression, preserves the naxi num and

m ni mum val ues of ozone whci h have the greatest inpact on surface
UV radi ation.

Figure 2 shows the scatter plots for the forecast Northern
Hem sphere(NH) ozone field vs the observed NH ozone field for
dat es near the equi noxes and sol stices. The March date shows the
| ar gest dynam c range of ozone val ues, and the Septenber date
shows the smallest. In general, the high ozone val ues occur at
high | atitudes, and the | ow ozone val ues occur in the tropics.
Table 1 shows that the correlation coefficients(r) for the March
and June dates (.97 and .94, respectively) are highest while
Sept enber and Decenber (.43 and .49, respectively) are the
| owest. Large correlation coefficients, however, can be achieved
by having a |l arge dynam c range. The nean difference (forecast-
anal ysis) and the RVS error may be a better indicator of the
quality of the ozone forecast. The nean difference for March is
0.01 DU, but its RVS error is 14.7 DU. The nean differences
(0.53 and 0.53 DU) and RMS errors (9.3 and 9.9 DU) for June and
Sept enber are about the same. Decenber has a negative nean
difference (-0.43 DU and a RMS error of 11.3 DU. The forecast



Jun. 23, 1992 0.94 0.53 9.3

Sep. 23, 1992 0.43 0.53 9.3

Dec. 23, 1992 | 0.49 -0.43 11.3

Table 1. Resulting statistics of conparisons of forecasts and
observations for four NH seasons.

s all the above work to produce a forecast of ozone better
t han usi ng persistence(i.e. using "yesterday's" ozone field as
"tonorrow s")? Table 2 illustrates that for the NH the RMS
forecast error during the period from Decenber 24, 1993 to
February 5, 1994 is | ower than using persistence for a 2
("yesterday" to "tonmorrow') through 5 day forecast. The forecast
and persistence errors as well as their differences are greatest
when the dynam c range of hem spheric ozone is |argest.
Therefore, one would expect the errors in the NHto be largest in
t he February-April period and smallest in the Jul y-Septenber
period. However, even when the forecast error is at its |argest
(~21 DY), the percent of total columm ozone is still quite smnal
(21 DU (error) / 300 DU (normal ozone) = 7.09%.

# of Day || Regression | Persistence
For ecast RMS Error RVS Error
(DY (DY
2 Day 14.51 16. 54
3 Day 17.59 19. 56
4 Day 19. 02 21.12
5 Day 21. 86 22. 65

Table 2. Mean RMS errors of Northern Hem sphere ozone forecasts
and persistence of 2 to 5 days in |ength between Decenber 24,
1993 and February 5, 1994.

In the event of mssing satellite or forecast data, a
decision tree (see Figure 3) has been devel oped. |In the absence



been shown to work with the failure of the NOAA-11 SBUV/ 2
instrunment in Septenber 1994. The WVI was determ ned using the
NOAA-11 TOVS fromthe failure of the NOAA-11 SBUV/ 2 until the
NOAA- 14 SBUV/ 2 becane operational. At that time the program
automatically switched to using the new ozone data. |In the event
of the MRF nodel run either failing or being |ate, the height and
tenperature fields fromthe previous nodel run, twelve hours
earlier, are used to create the forecasts.

Conmput ation of the Cear Sky UV Dose Rate at Sea Leve

Once a forecast ozone field is available, the next step is
to apply the radiative transfer nodel at each of the 1°x 1" grid
points to determne the spectral irradi ances at each wavel ength
bet ween 290 and 400 nm O her inputs include a paraneterized
val ue representing the atnospheric optical thickness, the U/
al bedo of the surface, the grid location's |atitude, the day of
year, and the solar tine of day. The tinme of day is held
constant (sol ar noon), as well as the UV al bedo(5%, and the
optical depth(0.2). The spectral irradiance val ues are wei ghted
by a WMO adopt ed standard action spectrum{ McKinlay and Diffey,
1987). This action spectrum sinul ates the human skin's response
to radiation at various wavel engths within the UV part of the
spectrum These wei ghted spectral irradiances are then
i ntegrated between 290 and 400 nmto produce an erythema
irradiance (mMWVn¥) or dose rate for "clear sky" conditions at sea
level. Running the radiative transfer nodel for each of the
181x360 grid points even on a CRAY-90 takes several m nutes of
CPU. An alternative tine saving nethod of determ ning the dose
rate value without significant |oss of accuracy uses a three
di mensi onal | ook up table with ozone, |atitude and "day-of -year"
as the inputs. The dose rate can vary globally fromO to nearly
400 MV nf. A WMO adapted standard of dividing this nunber by
25 nf/mMNVresults in the unitless WI value. Doing so gives a
gl obal range of the U/I fromO to nearly 16.

The EPA has devel oped five exposure categories of the UVI
with appropriate actions for the public to protect thensel ves
from overexposure to UV radiation. The categories, the UVI



El evati on Adjustnments to the Sea Level C ear Sky Val ues

In order to make the dosage value realistic, the N\
revi ewed which adjustnments could be incorporated into the sea-
surface "clear sky" value before the inplenentation of the 1994
Experi mental UVI program The npost obvious and sinpl est
nodi fication to introduce is an adjustnent due to el evation gain.
As one rises above the sea | evel the thickness of the troposphere
is |l essened. Consequently, the anount of scattering al so
decreases, and incident UV radiation increases. The adjustnment
due to el evation has been studied by Frederick(personal
conmuni cation), Blunthaler et al. (1992), and Blunthaler et al.
(1994). Frederick cites an increase of 6% per km usi ng nodel
calculations while Blunthaler cites a |arger 14-18% per km from
di rect observations. Qur elevation adjustnment, derived from
Frederick's nodel, is of the formshown in Equation 4:

.. % 2
adi(—) = a, + aZ, + aZ 4

wher e
a, = -0.04556,
a, = 6.62033,
a, = -0.23067

and Zg.is in kiloneters.

The adjustnent is a 6.34% increase for the first kilonmeter, and
this rate decreases for each additional kilonmeter gained. The
el evation adjustnents are made at each grid point using the

t opography hei ghts contained in the MRF nodel .

Det erm nati on of Adjustnents Due to Cloud Probabilities

A sinple nmethod to introduce clouds into the UVI forecast is
to correlate MOS cloud probabilities with the ratio of the
measured UV anounts to the "clear sky" forecast. So that the
wi de variety of U S. climatic conditions are represented, this
cal cul ati on nust use as many observation sites as possible within
the U S. W use 1992 data to devel op the coefficients and 1993
data to independently test the results. Since data froma



sites with the nost reliable data include: Al buquerque, NV
Concord, NH, Detroit, M, El Paso, TX, Mnneapolis, M, Salt Lake
Cty, UT, and Seattle, WA

The forecasted MOS cl oud probabilities for clear, scattered
and broken clouds at these sane cities are regressed agai nst the
ratio of the noontine "clear sky" dose rate and the 1992 RB
observations. No coefficient is determ ned for overcast skies
since its probability is algebraically dependent upon the other
three probabilities (i.e. the sumof the probabilities equals
one). The regression produced the follow ng constant and cl ear,
scattered and broken cloud coefficients with their respective 95%
confidence limts:

Constant = 0.316 + 0.172
C ear = 0.676 = 0.037
Scattered = 0.580 = 0.033
Br oken = 0.410 = 0.077.

Thus, under the probability of 100% cl ear sky the regression
produces a cloud attenuation factor (CAF) of 0.992, under 100%
scattered clouds: 0.896, under 100% broken: 0.726, and for 100%
overcast: 0. 316.

Skill
Verification: 1993

The 1993 RB data for the above cities are used as
i ndependent verification of the validity of the cloud regression
coefficients. The correlation coefficient for CAFs fromthe MOS
forecasts and the RB observations for 1993 is 0.668. The CAFs
are used as one neans of conparison as this renoves the effect of
t he annual cycle inbedded in the data. A simlar procedure using
regressions with the MOS's "nost |ikely" cloud category produces
a correlation coefficient of only 0.576. Wen conpared with RB
observations the UVI is within one index unit 65% of the tinme and
within two index units 89%of the time. Figures 4 shows the UVI
forecasts and the RB observations at Detroit for the days of
June 9 (day 160) through Septenber 17 (day 270) of 1993. The



Verification: 1994

After the issuance of the Experinmental UVl forecasts began
in the sumrer of 1994, a nunber of additional verification sites
becane available froma collection of governnental agencies,
cancer institutes and private firnms. Table 4 displays the site
| ocation, operating agency or institute, the nearest surface city
for which a UVl forecast could be nade, and the type of
i nstrunment (broadband or spectral).

Figure 5 shows the 1-h average of observations about sol ar
noon by a spectroradi oneter operated by the EPA at Boston, MA
with the UVI forecast and the "clear sky" forecast during the
verification period of June 9 (day 160) through Septenber 17 (day
270) 1994. Note again that the variability of the UV is not as
| arge as the actual observations. Most of the tine the UVI
forecast captures the essence of the observations. However, on
cl oudy days, the regression nmethod results in UVI forecasts that
are too high. This is a general tendecy that we attribute to
several factors: 1. MOS rarely goes to 100% overcast/cl ear
conditions, 2. we have no information on the radiative
characteristics of these clouds and the statistics drive results
toward the mean.

One additional feature is that using the UVI and sol ar noon
hour observations nay present a conservative estinmate of the
reliability of the UVI. Figure 6 shows a closer |ook at the
Boston daily UV observations for July 9-19, 1994. This tine, al
of the 15 m nute UV observations during the course of the day are
plotted. Note that on sone days that just before the peak tine
of solar insulation, clouds devel op and cause a decrease in the
UV observations. The peak tines of these UV observations are not
during the solar noon hour but before or after. The forecasted
UWI seens to perform better against the peak observed W
observations as opposed to the 1-h average noontine values. This
may be understandabl e since the MOS cl oud probabilities are
applicable for a 3-h period, not just the instant of solar noon.

Table 5 shows the resulting statistics for Boston and the 20



devi ation of the CAFs shows how nuch nore variabl e the observed
cloud conditions are with respect to the forecasted cl oud
conditions. Correlation coefficients of the individual site's
CAF4s and CAF,, range froma poor 0.242 at the NOAA' s

Al buquerque site to respectable 0.812 at USDA's Dougl as Lake
site. Note how the very clear sites have the highest nean CAF4s,
| ow standard devi ations and correlate the worst against the
CAF,,, even though the nean difference between the forecasts and
t he observations is not very large. The nean and RMS of the
(CAF,, - CAFys) differences are better indicators of the
correctness of the UVI forecast than correlation coefficient.
Here we see that only 5 of the 21 sites have nean differences

| arger than 1.0 index units. However, the RVS of the

di fferences shows a range of variation between 1 and 2 index
units. Figure 7 shows a histogramof the differences between the
forecasted UVI and the noontinme observations. The UVI forecasts
are correct (|diff|< 0.5) 31.8%of the time, and are within 1
UVI unit (|diff|< 1.5) 75.9%of the tinme, and are within 2 UV
units (|diff|< 2.5) 91.5%of the tine. This is consistent with
the RMS differences discussed above.

Binning the forecasts and the observations into the EPA's
exposure categories results in the values shown in Table 6. The
conputed "percent correct” value for this table is 60.7% As

Table 6 illustrates, the UVI tends to be conservative,
occasionally overestimting on days with observations of
"Mnimal", "Low', or "Moderate", but rarely underestimating on

days of "High" or "Very Hi gh" observations. It is inportant for
the forecast to be correct when the observed UV falls in the

"Hi gh" and "Very Hi gh" (H&VH) categories. For such cases correct
H&VH forecasts (X) were made 517 tines. H&VH observations but
not forecasted (Y) occurred 105 tines. H&VH forecasts (Z)but not
observed occured 142 tines. These nunbers are used to compute
the Probability of Detection (PoD) as illustrated in Equation 5:

PoD = —X_ . (5

X+Y



Anot her statistic is the False AlarmRatio (FAR). The FAR
is the fraction of all H&VH event forecasts that were observed as

"Moderate", "Low' or "Mninmal" as illustrated in Equation 6:
FAR - — % 6)
X+ Z

The nore often an event is forecast, and does not occur the

hi gher the score. A score of O indicates no false alarnms. The
H&VH val ues give a FAR of 0.215 indicating a | ow occurrence of
fal se al arns.

I n conclusion, the UVI forecasts tend to overestimte the UV
radi ati on during cloudy days and underestimate it during clear
days. This characteristic is in the nature of using a regression
schenme to provide the CAF. However, the latter condition nay be
a result of the MOS forecasts rarely providing a 100% cl ear sky
probability. In the opposite sense, the MOS forecasts w |
rarely forecast high non-clear probabilities when clear
conditions actually are observed. This neans that the UVI
forecast will rarely be | ow when high values actually occur.

Al t hough the UVl forecast is verified during the noontinme hour it
has been shown that occasionally convective clouds form before
noon and di m nish the observed WI. Wthin a few hours, these

cl ouds di ssi pate and the observed UV are very close to that
forecasted. However, taking the data as they are, the WVI
forecasts are within one index unit nearly 76% of the tine. For
t he nost inportant conditions when the UVI val ues enconpass the
"Hi gh" and "Very Hi gh" exposure categories, the probability of
detection is high, and the false alarmrate is | ow

Summary

The National Wather Service makes use of existing
observations and technology to derive a forecast of the potency
of ultraviolet radiation at the surface during the peak hour with
the inclusion of clouds. The neans of forecasting the ozone



overesti mate UV val ues under cloudy conditions and underestinate
UV values in very clear conditions.

Description of the Bulletin

Figure 8 shows how the UVI forecasts are dissenminated in the
formof a bulletin. The AFCS identifier is "NMCUVI CAC' and the
WMO header is "AEUS41 KWBC'. The bulletin uses the sanme city
list used for the Selected Cities Wather Summary and Forecasts
product. The UVI values are put into whole integers before
di ssem nation. A preface gives information about the UVI
exposure categories as suggested by the EPA and Points of Contact
for additional information are also included. The bulletinis
generated about 18 UT follow ng the conpletion of the 12Z MRF
run.

Uses of Bulletin

As with other meteorol ogical variables dissem nated on
selected city lists, the UVI bulletin gives information not only
for the local station but for the entire country. This is useful
year round information for travelers going fromlower UV
| ocations to higher UVI |ocations. Forecast personnel should be
made aware that the UVI applies for the i medi ate conditions
(i.e. cloudiness and/or elevation) of the forecast office. Those
weat her offices in the nountain states should be aware of the
changes in WI due to elevation. Likew se, weather offices
whi ch include snowy areas or areas which include recreational
wat ers and beaches shoul d be aware of increased exposure to W
radi ation due to reflection off of snow, water and |ight sand.
One should be aware that if the forecast MOS cloud conditions for
the 1lamto 1pm LST are nuch different than observed, the
forecast UVI nost likely will reflect this difference. As
mentioned earlier, the MOS cloud probabilities do not include
Hawai i and Puerto Rico, and UVI forecasts in these |ocations use
just the "clear sky" val ue.
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Figure 2. Comparison of Northern Hemisphere total ozone forecasts versus that observed by the
SBUV/2 instrument on board NOAA-11 for: a) March 22, 1993; b) June 23, 1992; ¢) September
23, 1992; and d) December 23, 1992, Note how the dynamic range is greatest in March and
smallest in September.



U¥ INDEX DECISTON TREE:

- Get |D-1] Ozupe (SEUV/2 & TOVS) Files fromn Froat End Computer
- Get D, DAl Zoyyy Fo and To, MRF Fields

- [xet [I1-2] Ozone Files

- Gel [D-1] & |1-2] £epgy Ly 20dd T'g, Files

« Cowvert from Polar to Lat/Lon Ficlds

- Determine DitTerences ([D-1] - |D-2]; far 0, £ AND T Fields

- Determine Regression hetween {); and ., T Fields for NH & SH

- Determine Differences ([IH1] - [D-1]) for £ and T Fields

- Use Repressions (o Delermmine {|IH1] - [O-1]} DalTerences lor O,

- Add 0 Differences to |[D-1] Field to get [D+1] (), Field

- Use Radiative Transfer LUT to get "CLEAR SKY™ Sea Level Dose Hates
- Determine Hourly Dosage Adjusted for Elevation at MOS Cicies

- Create Bulletin lor Dissemination

OZONE DATA ACCESSING DECTSIONS:

- IF SBUY/2 Ozone Field is Not Available for |D-1],
THEXN the Regression Coelficients for the Last Availahle Preceding Day is Used
(Tp o 4 Days) to Create the Ozone Furecast.

- TF the Most Recent SBUV/2 Data is Glder cthan 4 Days,
THEN the Most Recent TOVS Ozone Drata is Used.

- IF the Most Recent TOVS Data is Older than 4 Days,
THEN L1F there is 2 SBUY/{2 Ozone Field Available in the Lavi 4 [nays,
THEN it is Uzed Assuming Persistence,

- IF there is Nn SBL V2 Field in the 1.ast 4 Days,
THEN IF there is a TOVS Ozooc Field Available in the Last 4 Days,
THEN it is Used Assuming Persistence.

- IF there is Neilher a SBLY/2Z or 1OYS Ozone Field an the Last 4 Days,
THEN the Program Ends.

Figore 3, Drecision tree of UY Index processing and data accessing made prior 1o each run of the LMY Index. I
12 the current dap, [D-1] 15 yesterday, [[3-2] is 2 days ago, and [D+1] 15 tonmorrow.
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Figure 4. Daily BB noontime LV ohservations {solid line with clased circle), UV fbrecast from regression
coefficients {zalid line with sar), and “clear sy’ [IV1 [bold solid line) for the petiod of days 160-270 (June % 1o
September 17}, 1593 at Detroit, M.
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Figure 5. Daily noontioe spectroradiometer UY observations {solid e wilh colosd circle), UV forecast {solid
ling with starr), and “clear sky" UYT (hald salid Iinej for the period of days 160-270 {Tuned to September 17), «,?4
1994 at Boston, hTA.
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Figure 6. Diumal spectroradiomeier UY observations (solid ling), noontine obsctvations (lines with diamonds)
LW forevasts (asterisks), and “clear sky™ UV (thick solid line) for Boston, MA for days 190-200 (haly 59-19),
105
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Figure 7. Histogram of the {(UVI Forecast - UV observation} difterences in whole
UV units for all 21 sites between July and October, 1994
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THE UV INDEX IS CATEGORIZED BY EPA AS FOLLOWS
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Figure 8. UVI bulletin as sent through AFOS.
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